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MULTI-BAND ANTENNASTRUCTURE FOR 
A PORTABLE RADIO 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates to antennas, and, more 
particularly, relates to coils for feeding multi-band antenna 
StructureS. 

2. Description of the Related Art 
A helical coil for coupling to an extendible, Straight-wire 

antenna is known in the art, by, for example, U.S. Pat. No. 
4,121,218 to Irwin et al. The helical coil and extendible 
Straight-wire are dimensioned for resonance in a particular 
frequency band of a portable radio Such as a cellular 
telephone. 
AS different analog and digital cellular telephone Systems 

are promulgated throughout the World, antennas correspond 
ing to each of the different cellular Systems are known. 
Cellular telephone subscriber users who travel through dif 
ferent Systems or who use a cellular telephone in a geo 
graphical area with more than one System, desire a single 
cellular telephone uSable on more than one System. Com 
munication on differing bands of frequencies in the same 
radio is therefore desired. Because antennas of different 
bands for the same cellular telephone could likely be incon 
Venient for a user, a Single antenna Structure capable of 
operation at more than one band is desired. 
New designs of cellular telephones are evolving to Satisfy 

user convenience. Most users appreciate Small packages 
which are convenient to carry and use. A multi-band antenna 
Structure of a compact design, while achieving low manu 
facturing costs, is desired. 

Achieving both a compact and multi-band antenna Struc 
ture capable of the high gain performance of prior Single 
band antenna Structures has been difficult. Known antenna 
Structures optimized for maximize gain in one band have 
design characteristics yielding Sub-optimal gain at other 
bands. Antenna gain performance equal to or better than 
existing Single-band antennas is desired for all bands in a 
Single, compact, antenna Structure. Such has not heretofore 
been possible before the present invention which will be 
explained below with reference to the accompanying draw 
IngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a cut-away side view of an embodiment 
of an antenna Structure in an up position; 

FIG. 2 illustrates a cut-away side view of an embodiment 
of the antenna structure of FIG. 1 in a down position; 

FIG. 3 illustrates a close-up cut-away view of two helical 
coils alone; 

FIG. 4 illustrates a cut-away view of another embodiment 
of an antenna Structure in an up position; and 

FIG. 5 illustrates a multi-band radiotelephone. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention provides a Single, compact antenna 
Structure capable of resonance at more than one frequency 
band. A first coil corresponding to a first band and a Second 
coil corresponding to a Second band are disposed adjacent to 
a Straight portion of an antenna element in a configuration 
resonant at the respective first and Second frequency bands. 
By placing these first and Second coils both coaxial with the 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
Straight portion of the antenna element, a more compact 
Structure is realized. 

It has been discovered that more efficient gain perfor 
mance in the band can be achieved by reducing coupling 
between the coils. Winding two coaxial coils in opposite 
directions is preferred to reduce coupling interference. 
Additionally, making one coaxial coil large in diameter than 
another coaxial coil also reduces coupling interference, and 
providing the Shorter linear length coil on the outside 
reduces Such interference even more. 
A first coil 110 and a second coil 120 are illustrated 

coaxially disposed around an antenna element 130 having a 
straight portion 140. The first coil 110 and the second coil 
120 are preferable helical coils. The antenna element 130 
preferably has an upper coil 150 at an upper end thereof and 
is encapsulated by a dielectric material. The first coil 110 and 
the second 120 are preferably held in a base 160 made of a 
dielectric material. 

Coupling interference between coils reduces gain effi 
ciency of the antenna Structure because energy that should 
be coupled between the Straight portion and the coil of 
interest is instead coupled to the other coil. When energy is 
transmitted from the antenna Structure, preferably all of the 
energy radiates from the Straight portion. For example, when 
the antenna Structure is used in a radio to transmit radiation 
energy at a first frequency band by the first coil 110, it is 
desired that all of the radiation energy radiates from the 
straight portion 140 of the antenna element 130. 
Nevertheless, some of the energy will radiate from the first 
coil itself 110 and additionally be coupled from the first coil 
110 to the second coil 120 thereby absorbed by radio 
circuitry connected to the Second coil 120. Energy radiated 
by the coil 110 and absorbed by the additional coil 120 
dissipates power producing inefficient operation of the 
antenna Structure. By making the first coil 110 of a larger 
circumference and therefore on the outside of the Second 
coil 120, coupling interference is reduced. Further, by plac 
ing the coil having a shorter axial length on the outside, 
coupling interference is further reduced. The linear length is 
the total length of the coil if uncoiled and stretched out 
linearly. The axial length is the length axially along the line 
formed by the straight portion 140 of the antenna element 
130. Thus, in FIG. 1, the first coil 110 has about half the axial 
length of the second coil 120 but very roughly the same 
linear length as the second coil 120. However, when 
stretched out, the linear length of the first coil 110 is 
preferably smaller than the second coil 120 because the first 
coil preferably resonates at a first frequency band higher 
than the Second coil resonates at a Second frequency band. 

It has also been discovered that by winding the first and 
Second coils 110 and 120 in opposite directions, coupling is 
additionally reduced when coaxial with one another as 
illustrated in FIG.1. The direction of the turns of the helical 
coils relative to one another is preferably opposite to cause 
Subtraction of electrical and magnetic field vectors and thus 
minimize coupling. By the turns being opposite in direction, 
the magnetic field of one coil is negative with respect to the 
other coil. 

The first coil 110 has an axial length of about 3.5 
millimeters (about 0.138 inches), and a linear length of 
about 22.5 millimeters (about 0.886 inches). These prefer 
able dimensions for the first coil 110 are coupled to the 
antenna element 130 having a total length of about 76 
millimeters (about 2.99 inches) and a conductive straight 
portion 140 of about 48.5 millimeters (about 1.91 inches) 
and an upper coil 150 having an axial length of about 27.5 
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millimeters (about 1.08 inches), a circumference of about 
14.2 millimeters (about 0.559 inches) and a linear length of 
about 163 millimeters (about 6.42 inches). The first coil 110 
operating with the antenna element 130 thus resonates at 
about 1800 megahertz. 
The second coil 120 preferably has an axial length of 

about 6.0 millimeters (about 0.236 inches), a circumference 
of about 23 millimeters (about 0.906 inches) and a linear 
length of about 66 millimeters (about 2.6 inches). The 
second coil 120, when operating with the above-described 
preferred antenna element 130, resonates at a frequency 
band of about 920 megahertz. The distance between the 
lower end of the conductive straight portion 140 of the 
antenna element 130 preferably is spaced about 1.0 milli 
meters (about 0.039 inches) from the upper end of the 
Second coil 120 when the antenna element 130 is in the 
upper position as illustrated in FIG. 1. 

The first coil 110 is connected to the transceiver of a radio 
by feed 115 and the second coil 160 is fed to the transceiver 
of a radio by feed 125. The relative dielectric constant of the 
base 160 is preferably about 2.3 and the relative dielectric 
constant of the antenna element 130 should be about the 
Same in the preferred embodiment. 

The straight wire 140 of the antenna element forms a 
dipole. When the straight wire 140 is positioned near the 
helical coils in an up position, the antenna element is 
Simultaneously resonant at an integral multiple of /2 of a 
wavelength at the lower frequency one of the bands and at 
a same or greater integral multiple of 72 of a wavelength at 
the higher frequency one of the bands. When the upper coil 
is positioned near the helical coils, in a down position, the 
upper coil of the antenna element is simultaneously resonant 
at an integral multiple of a /4 of a wavelength at the lower 
frequency one of the bands and an integral multiple of a /4 
of a wavelength at the higher frequency one of the bands. 

FIG. 2 illustrates a cut-away side view of the antenna 
structure of the embodiment of FIG. 1 in a down position. 
The upper coil 150 is coaxially disposed between both of the 
first coil 110 and the second coil 120 when in the down 
position of FIG. 2. By providing the upper coil 150, the axial 
length of the first and second coils 110 and 120 can be 
reduced for efficient operation in the down position. Should 
efficiency in the down position be unimportant, then the 
upper coil 150 can be reduced. Nevertheless, to enhance 
efficiency in the down position, the upper coil 150 can be 
eliminated anyway if the lengths of the first and Second coils 
110 and 120 are increased to compensate for the loss of the 
radiator in the upper coil 150. Therefore, the upper coil 150 
is optional and preferred under certain circumstances. 

FIG. 3 illustrates a close-up cut-away view of two helical 
coils. The first coil 110 and the second coil 120 are wound 
on the base 160. The coils 110 and 120 are preferably not 
embedded in a thick plastic enclosure of the dielectric 
material of the base 160. It is rather, preferred that the 
dielectric material of the base 160 is as thin as practical 
while Still maintaining structural integrity of the base and 
coils. Extra dielectric material near the coils affects antenna 
performance. Further, it adds unnecessary weight and Size to 
the antenna Structure. The base 160 contains an annular 
flange 170 at a lower portion thereof. This annular flange 
170 serves to secure the antenna assembly into the top of a 
housing of a portable radio, Such as a radiotelephone. The 
first feed 115 and the second feed 125 then connect internal 
to the radiotelephone to Separate transmitters-one trans 
mitter each for the various bands. 

FIG. 4 illustrates a cut-away side view of another embodi 
ment of an antenna Structure in an up position. A third coil 
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4 
280 is disposed adjacent to a first coil 210 and a second coil 
220. An antenna element 230 having a conductive straight 
portion 240 and an upper helix 250 is coaxially disposed 
with the first and second coils 210 and 220. The first, second 
and third coils 210, 220 and 280 provide for resonance at 
different first, second and third frequency bands. The third 
coil 280 is preferably disposed alongside, rather than 
coaxial, with the first and second coils 210 and 220 to reduce 
coupling interference therebetween. It has been discovered 
that the distance between the third coil 280 and the second 
coils 210 and 220 affects the amount of coupling interfer 
ence therebetween. The third coil 280 is spaced from the 
coils 210 and 220 by a distance to avoid coupling interfer 
ence. The third coil 280 is preferably beside the first and 
second coils 210 and 220 distanced therefrom by an amount 
sufficient to reduce coupling to the first and second coils 210 
and 220, yet still maintain adequate coupling to the conduc 
tive straight portion 240 of the antenna element 230. 
The base 260 preferably has a minimum amount of 

dielectric material to reduce its affects on the first, Second 
and third coils 210, 220 and 280. Thus, an air gap in the 
distance between the coil 280 and the first and second coils 
210 and 220 is preferred. In the preferred embodiment of 
FIG. 4, the base 260 has separate annular recesses 270 and 
271 for mounting to the top portion of a portable radio and 
openings for respective first, Second and third feeds, 215, 
225, and 285. 

Coupling accomplished via an electric field is related to 
and correctly described as capacitive coupling. Coupling 
accomplished via a magnetic field is related to and correctly 
described as inductive coupling. The electric and magnetic 
field coupling are vector quantities and often occur Simul 
taneously. Thus their vector quantities can be added or 
Subtracted and as Such can reinforce one another or can 
cancel one another. It has been discovered that by geometri 
cally arranging multiple helical coils Side-by-side, the elec 
tric and magnetic (capacitive and inductive) vector quanti 
ties can be made to add and Subtract to reduce 
electromagnetic coupling with the other helical coils and 
enhance electromagnetic coupling with the conductive 
Straight portion. The combination of the electric and mag 
netic fields is an electromagnetic field. Each of the coils are 
Spaced a mast distance from the bottom of the Straight 
portion 240. 

Electric field coupling decreases inversely as the distance 
between the coils increases. Magnetic field coupling also 
decreases as the distance between the coils increases. But the 
magnetic field coupling decreases more rapidly than the 
electric field coupling with respect to the distance between 
the coils. The magnetic field decreaseS as the Square of the 
coil distance assuming mathematical approximations valid 
in the Small distances in the sizes used in portable devices. 
Thus, the coil 280 is are preferably distanced from the coils 
210 and 220 where the magnitude of the electric and 
magnetic field coupling are equal. 
The bottom end of the conductive straight portion 140 is 

placed near the upper ends of the coils. The mast distance of 
Separation between the bottom end of the conductive Straight 
portion and the upper ends of the helical coils determines the 
magnitude of electric field coupling. The greater the 
Separation, the lower the electric field coupling. This 
antenna Structure is preferably first approximated by elec 
tromagnetic simulation on a computer using computer pro 
grams such as the Numerical Electromagnetic Code (NEC 
4.0) and then perfected by fine tuning a physical model in the 
laboratory. Correct coupling is indicated in both antenna 
gain performance and the input impedance of the antenna 
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measured as a function of frequency. The best coupling 
condition occurs when a minor cusp appears in the normally 
circular impedance plot on a Smith chart as the mast distance 
between the conductive straight portion 240 and the coils is 
varied. This mast distance can be found by moving the 
bottom end of the conductive Straight portion towards the 
top of a helical coil until this minor cusp appears. 

FIG. 5 illustrates a multi-band radiotelephone 391 having 
a multiband capability. The base 360 is mounted to a top 
portion of a portable radiotelephone 391. The antenna ele 
ment 330 is slidably disposed in the base 360. The multi 
band radiotelephone 391 has multiple transmitters 393 and 
395, one transmitter for each band. A hot output of a first 
transmitter 393 is connected to a first coil in the base 360. 
A ground output of this first transmitter 393 is preferably 
connected to a ground plane portion 397 of the radiotele 
phone 391. A hot output of a second transmitter 395 is 
preferably connected to a second coil of the base 360. The 
ground output of the second transmitter 395 is preferably 
also referenced to ground Such as a different or the same 
ground plane 397 of the radiotelephone 391. Therefore, each 
coil of the antenna Structure corresponds to a different 
frequency of a transmitter. It is understood that the trans 
mitters 393 and 395 can alternatively be receivers and/or 
transceivers. Further, a Single radio circuit can be employed, 
capable of multiple-band operation and therefore Separate 
transmitters 393 and 395 may be unnecessary. 

Although the invention has been described and illustrated 
in the above description and drawings, it is understood that 
this description is by example only, and that numerous 
changes and modifications can be made by those skilled in 
the art without departing from the true Spirit and Scope of the 
invention. For example, different configurations of upper 
coils may be employed based on packaging requirements. 
The U.S. patent application Ser. No. 08/803,032, entitled 
Side-By-Side Coil-Fed Antenna For a Portable Radio to 
Phillips et al. and filed on Feb. 19, 1997 is specifically 
incorporated herein by reference. 
What is claimed is: 
1. A multi-band antenna Structure, comprising: 
an antenna element having a Straight portion; 
a first coil coaxially disposed around the Straight portion 

for electromagnetic coupling to the antenna element, 
the first coil having a first number of turns of a first 
circumference wound in a first direction and configured 
for resonance at a first frequency band, wherein the first 
circumference is Smaller than a wavelength of the first 
frequency band; 

a Second coil coaxially disposed around the Straight 
portion for electromagnetic coupling to the antenna 
element, the Second coil having a Second number of 
turns of a Second circumference wound in a Second 
direction and configured for resonance at a Second 
frequency band different than the first frequency band, 
wherein the Second direction is essentially opposite of 
the first direction and the Second circumference is 
Smaller than a wavelength of the Second frequency 
band; and 

wherein the first coil and the Second coil are coaxial with 
one another, the first circumference of the first coil is 
larger than the Second circumference of the Second coil, 
the first coil has an axial length shorter than the Second 
coil, and the first coil has a linear length shorter than the 
Second coil. 

2. A multi-band antenna Structure according to claim 1, 
wherein the first coil and the second coil have a different 
number of turns. 
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6 
3. A multi-band antenna Structure according to claim 1, 

wherein each of the first coil and the Second coil are pitched 
and form a helix. 

4. A multi-band antenna Structure according to claim 1, 
further comprising a third coil configured for resonance at a 
third frequency band different than the first and second 
frequency bands and having a third number of turns of a 
third circumference smaller than a wavelength of the third 
frequency band, wherein the third coil is disposed beside the 
antenna element having the Straight portion and distanced 
from the first and Second coils to reduce electromagnetic 
coupling with the first and Second coils. 

5. A multi-band antenna Structure according to claim 1, 
wherein the Straight portion of the antenna element com 
prises a Straight wire electromagnetically coupled to the first 
coil and the Second coil. 

6. A multi-band antenna Structure according to claim 5, 
wherein the antenna element comprises an upper helical coil 
connected to the Straight wire at an upper end. 

7. A multi-band antenna Structure according to claim 5, 
wherein the Straight wire of the antenna element comprises 
a dipole. 

8. A multi-band antenna Structure according to claim 7, 
wherein the antenna element is Simultaneously resonant at 
an integral multiple of /2 of a wavelength at the lower 
frequency one of the bands and at a Same or greater integral 
multiple of /2 of a wavelength at the higher frequency one 
of the bands when the Straight wire is in an up position near 
the first coil and the Second coil. 

9. A multi-band antenna Structure according to claim 5, 
wherein the antenna element comprises an upper helical coil 
operatively coupled to the Straight wire at an upper end. 

10. A multi-band antenna Structure according to claim 9, 
wherein the upper coil of the antenna element is Simulta 
neously resonant at an integral multiple of a /4 of a wave 
length at the lower frequency one of the bands and an 
integral multiple of a /4 of a wavelength at the higher 
frequency one of the bands when the upper helical coil is in 
a down position near the first coil and the Second coil. 

11. A multi-band antenna Structure according to claim 9, 
wherein the upper helical coil is axially positioned inside 
both the first coil and the second coil when the antenna 
element is in a down position. 

12. A multi-band antenna Structure according to claim 5, 
wherein the Straight wire is near a top of the first and Second 
coils when the antenna element is in an up position. 

13. A multi-band antenna Structure according to claim 1, 
further comprising a radio circuit operatively coupled to the 
first coil and the Second coil for amplifying respective radio 
frequency signals at the first band and at the Second band. 

14. A multi-band antenna Structure according to claim 13, 
wherein the radio circuit comprises a ground plane opera 
tively coupled to a ground connection of the radio circuit, 
wherein a first hot connection of the radio circuit is opera 
tively coupled to the first coil and wherein a Second hot 
connection of the radio circuit is operatively coupled to the 
Second coil. 

15. A portable radio, comprising: 
an antenna element having a Straight portion; 
a first coil coaxially disposed around the Straight portion 

for electromagnetic coupling to the antenna element, 
the first coil having a first number of turns of a first 
circumference wound in a first direction and configured 
for resonance at the first frequency band, wherein the 
first circumference is Smaller than a wavelength of the 
first frequency band; 

a Second coaxially disposed around the Straight portion 
for electromagnetic coupling to the antenna element, 
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the Second coil having a Second number of turns of a 
Second circumference wound in a Second direction and 
configured for resonance at a Second frequency band 
different than the first frequency band, wherein the 
Second direction is essentially opposite of the first 
direction and the Second circumference is Smaller than 
a wavelength of the Second frequency band; 
wherein the first coil and the Second coil are coaxial 

with one another, the first circumference of the first 
coil is larger than the Second circumference of the 
Second coil, the first coil has an axial length Shorter 
than the Second coil, and the first coil has a linear 
length shorter than the Second coil; 

a first radio circuit for operating at the first frequency band 
and comprising a first hot connection and a first ground 
connection, wherein the first hot connection is opera 
tively coupled to the first coil; and 

a Second radio circuit for operating at the Second fre 
quency band and comprising a Second hot connection 
and a Second ground connection, wherein the Second 
hot connection is operatively coupled to the Second 
coil. 

16. A multi-band antenna Structure, comprising: 
a first coil having a first number of turns of a first 

circumference wound in a first direction and configured 
for resonance at a first frequency band, wherein the first 
circumference is Smaller than a wavelength of the first 
frequency band; and 
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a Second coil having a Second number of turns of a Second 

circumference wound in a Second direction and con 
figured coaxially with the first coil and inside of the first 
coil for resonance at a Second frequency band different 
than the first frequency band, wherein the Second 
direction is essentially opposite of the first direction, 
the Second circumference is Smaller than a wavelength 
of the Second frequency band, and the Second circum 
ference is Smaller than the first circumference; and 

wherein the first coil has an axial length shorter than the 
Second coil and the first coil has a linear length shorter 
than the Second coil. 

17. A multi-band antenna Structure according to claim 16, 
wherein the first coil and the second coil have a different 
number of turns. 

18. A multi-band antenna Structure according to claim 16, 
wherein each of the first coil and the Second coil are pitched 
and form a helix. 

19. A multi-band antenna Structure according to claim 16, 
further comprising a radio circuit operatively coupled to the 
first coil and the Second coil for amplifying respective radio 
frequency signals at the first band and at the Second band. 

20. A multi-band antenna Structure according to claim 16, 
further comprising a Straight portion coaxially disposed with 
respect to the first coil and to the Second coil for electro 
magnetic coupling with both of the first coil and the Second 
coil. 


